Leptysma argentina is polymorphic for a centric fusion between pairs 3 and 6 of the basic complement, for interstitial (S1) and proximal (Sn) supernumerary segments in the smallest member of the complement, and for a B-chromosome. Fusion 3/6 is associated with several effects that would lead to a drastic reduction of recombination (Colombo 1987(Colombo , 1988. Nine populations from the Argentine provinces of Buenos Aires, Entre RIos and Santa Fe were analysed for total (T), proximal (P), interstitial (I) and distal (D) chiasma frequencies, and for the morphometrical characters tegmina length, total length, femur length, tibia length, thorax length and thorax height. There was a strong negative correlation of T, P and I frequencies, and a significant positive correlation of D, with fusion 3/6 frequency. Fusion carriers were significantly bigger than basic homozygotes, leading to highly significant correlations of all morphometrical variables with fusion frequency.
INTRODUCTION
Polymorphisms for centric fusions and inversions are frequently cited as chromosomal devices that allow a population to maintain certain regions of the genome free of recombination (Carson, 1958; Hewitt, 1979; John, 1981; Brussard, 1984) . The relevance of these polymorphisms to the preservation of coadapted gene complexes is self-evident, and their intra-and interchromosome effects on recombination (measured either through genetic or cytogenetic approaches) are well known (White and Morley, 1955; Lucchesi, 1976; John, 1981; Brussard, 1984) . Nevertheless, there are no clear examples of chromosome rearrangements affecting exophenotypic traits (John, 1983) .
Leptysma argentina Bruner (Leptysminae: Acrididae) is a South-American grasshopper that lives in relation with semiaquatic flora (Amedeg-* Fellow of the Consejo Nacional de Investigaciones CientIficas y Técnicas (CONICET). nato, 1974; Roberts, 1978) . In previous studies (Amoedo, 1979; Bidau and Hasson, 1984) this species was shown to be polymorphic for a centric fusion, a large supernumerary segment and a Bchromosome. The polymorphic centric fusion has been demonstrated to be associated with several intra-and interchromosomal effects that would lead to a strong reduction in recombination levels (Colombo, 1987) . In the present paper, nine populations of this species were analysed in order to understand the importance of these polymorphisms to such relevant parameters as recombination, estimated through chiasma frequency and position, and exophenotypic traits, and to infer as far as possible and probable causes of their maintenance in natural populations of L. argentina. MATERIAL 
AND METHODS
Three hundred and eight male individuals of L. argentina Bruner were collected in the meiotic season for this species (September-December) between 1983 and 1986 is shown. Individuals were dissected in the field and testes were fixed in 3: 1 methanol: acetic acid and subsequently stored at 4°C. Cytological preparations were made by squashing follicles in lactoproprionic orcein. For each individual the karyotype was determined and ten metaphase I plates were analysed for total (T), proximal (P), interstitial (I) and distal (D) chiasma frequency.
Morphological measures (tegmina length, total length, femur length, tibia length, thorax length and thorax height) were determined with the aid of a graduated binocular microscope. In order to avoid the variable abdomen associated with feed-_________ _________________ Figure 1 Map showing the distribution of fusion 3/6 and segment S polymorphisms as pie diagrams, the filled area representing relative frequency of each. Left circle: fusion 3/6; right circle: segment S. Populations CUA and CUB from the study of Bidau and Hasson (1984). extreme of the fastigium to the articulation between femur and tibia (Ronderos, personal communication).
RESULTS

Basic karyotype and chromosome polymorphisms
The karyotype of L. argentina was described by Bidau and Hasson (1984) . In its basic form it consists of 21 chromosomes in the male (20 A+ XO), with the biggest pair being metacentric and the remaining ones telocentric. In nearly all populations so far studied two chromosome polymorphisms were present: one of them is a centric fusion between chromosomes three and six of the basic complement ( fig. 2 ) and the other polymorphism is a heterochromatic supernumerary segment (S1) in the interstitial region of pair 10 ( fig. 2) fig. 1 ; in this map the two populations studied by Bidau and Hasson (1984) are included. The frequencies of both the centric fusion and the supernumerary segment increase southwards. The two variables are represented in a biaxial system in fig. 3 . The grouping of populations in this graphic, given by chromosome frequencies, is A double correlation analysis between longitude and latitude and each of the frequencies of pond where the sample was collected was proall four polymorphisms was performed in order to 
evaluate the degree of association between geographic provenance of the population and chromosome frequencies. The analysis was carried out both including and excluding the IT population, because of its peculiarities. Correlation was very high for the centric fusion (r=095 and r=093 with and without IT, respectively); a weaker but also significant association was found for the Bchromosome (r = 063 and r = 0.68) and no association was found for the S. segment (r=037 and r = 0.41). The S1 segment showed a significant but weak association when IT was included (r = 0.61) and a much higher one when it was excluded (r = 093).
In the population of RIo Luján karyotypic frequencies were monitored in two consecutive years (1983 and 1984) . The centric fusion, the interstitial segment and the B-chromosome displayed quite similar frequencies in 1983 and 1984; by contrast, the frequency of the proximal segment dropped from 033 in 1983 to 009 in 1984 (table   2) . A third analysis in 1985 was impossible because the region sampled was converted into a camping site.
Chiasma frequency and position
Fusion 3/6 has pronounced intra-and interchromosome effects on chiasma conditions; in fact, the fusion carriers have a reduced chiasma frequency as a result of partial suppression of proximal and interstitial chiasmata; this effect is more marked in fusion homozygotes than in heterozygotes (Colombo, 1987 (Colombo, , 1988a . As a consequence of this, it is expected that populations with different frequencies of the fused chromosome will also differ in their mean chiasma frequency and position per population. On the contrary, neither the supernumerary segments nor the B-chromosome seem to affect chiasma conditions (unpublished data of the author). A total of 154 individuals were analysed for total (T), proximal (P), interstitial (I) and distal (D) chiasma frequency; in each one ten metaphase I cells were scored and the mean value per cell per individual was obtained; in table 3 the averaged values per population are represented, together with chromosome 3/6 frequency (q). The correlation of T, P and I with fusion frequency was negative and highly significant; on the other hand, correlation 
Effects of polymorphisms on exomorphological traits
With the aim of determining whether the centric fusion, the interstitial segment or both exert any influence on body size, a morphometrical study was performed. First, intrapopulational (between karyomorphs) studies were carried out in order to determine with certainty whether the effects are indeed attributable to the rearrangement. Also, a correlation analysis was carried out in order to determine the degree of association between body measures and fusion frequencies in different populations. as no basic homozygotes were measured here, differences between karyomorphs are expected to be smaller (and they are). In this population it was also evident that fusion homozygotes are bigger than heterozygotes, although only the ANOVAs comparing total and thorax length gave significant differences (table 4(b)). In this population it was also possible to test for differences between carriers and non-carriers for the interstitial segment;
however, in all cases differences were not significant.
Correlation of morphometric variables with fusion 3/6 frequency
Having demonstrated the significant effect of fusion 3/6 on body size ( fig. 5) , the correlations between the frequency of that rearrangement and mean morphological variables in all nine populations were examined. The results of this analysis are summarised in table 5. Correlation with fusion 3/6 frequency was highly significant for all characters measured.
DISCUSSION
Polymorphisms for centric fusions have a twofold effect on recombination. First, a new linkage group is built up that severely reduces the possible number of chromosome combinations (White, 1973) . 
2494 (35) 2535 (13) 2453 (15) 2485 (23) 2565 (10) 1181 (15) 1186 (35) 1207 (13) 1019 (24) 1040 (34) 1059 (13) 383 (25) 390 (35) 400 (13) 283 (22) 279 (32) 296 (11 Second, a chiasma readjustment is necessary in order to preclude the formation of proximal chiasmata in the trivalent, which would result in its malorientation (Sybenga, 1975; Hewitt, 1979) . Hence, a centric fusion polymorphism has, to a large extent, the same genetic consequencees as inversion polymorphisms in Drosophila, that is, a progressive genetic differentiation between both the fused and non-fused chromosomes. Unfortunately, there are few genuine cases of centric fusion polymorphisms so far described in which chiasma studies have been performed (Hewitt and Schroeter, 1968; Bidau, 1984) . Although much attention has been paid to the effects of chromosome rearrangements on recombination (White and Morley, 1955; Lucchesi, 1976; Hewitt and John, 1972; John and Freeman, 1975; John, 1981) there are few examples of position effects caused by chromosome rearrangements that affect exomorphological traits (John, 1983) .
This lack of clear evidence has led to some authors, like Lande (1979) , to conclude that chromosome rearrangements seldom or never have significant effects on the exophenotype. In this context the case of L. argentina is interesting since both chiasma conditions and morphometrical characters are affected in this species by a polymorphic centric fusion.
As a first point of discussion it is evident that, whereas the segment S is randomly distributed 1 and 3, table 2), but they clearly follow a geographic pattern. Although non-adaptive arguments, such as historical factors, can be set out to explain the nonrandom distribution of the three ancient polymorphisms (as inferred upon their ubiquity), it can also be used as indirect proof of stabilizing selection acting on them (John, 1981) . Secondly, it was demonstrated that fusion 3/6 produces both intra-and interchromosome effects that lead to a reduction in total recombination (Colombo, 1987; 1988a) . lntrachromosome effects consist in suppression of proximal and interstitial chiasmata in the metacentric chromosome, especially in heterozygotes (Colombo, 1987) ; as stated above, this redistribution is a very important prerequisite for the maintenance of the polymorphism, and was probably achieved through rapid selection against proximal and interstitial chiasmata in the newly arisen metacentric (Hewitt, 1979) . The fusion also causes an intrachromosome reduction in total chiasma frequency, which is mainly explained by a lowered number of proximal chiasmata. This effect was attributed to an increase of interference, that would explain both the positive correlation observed between T and P mean chiasma frequencies per individual and the negative correlation between I and D (Colombo, unpublished fig. 4 ).
On the other hand, a highly significant correlation between fusion 3/6 frequency and all mean morphometric measures per population was obtained; and it is further apparent from intrapopulation (between karyomorphys) ANOVA tests that this correlation is due to the fact that fusion carriers (especially fusion homozygotes) are bigger than non-carriers. Hence there seems little doubt that fusion 3/6 (by means of a hypothetical position effect) has a significant effect on exophenotypic characters.
Having in mind both of the effects of fusion 3/6 so far detected (i.e., chiasma and body size efiects), some tentative explanations of its nonrandom distribution can be set out:
(1) The geographic distribution of fusion 3/6 resembles the central-marginal pattern of inversion frequencies described in some species of Drosophila (Carson, 1955; Dobzhansky et a!., 1963; Brussard, 1984) . It is known that ecologically central populations of Drosophila often display a larger extent of inversion polymorphisms than marginal ones. of S. (table 2) suggests that this segment could be maintained by mutational input. L. argentina offers an unusual opportunity to test the effects that very different chromosome polymorphisms exert on meiosis and on exophenotypic traits. This study is necessarily a first approach to this problem, and a much more thorough investigation is required to ascertain the actual causes for the maintenance of chromosomal variability in natural populations in this species.
